in El Paso-celebrates natural and cultural history of the bi-national community in this region of the Chihuahuan Desert. During the week of the symposium, a small exhibit on rotifer jaws by Wallace, Walsh, and Hochberg was on display. The special friendship that UTEP shares with the country of Bhutan is very evident in the Bhutanese-inspired architecture of university buildings and in the handcarved and hand-painted Lhakhang building.
During the mid-conference excursion on Wednesday, the participants visited White Sands National Monument in New Mexico. Located in the heart of the Tularosa Basin -a graben in the Basin and Range Province -the monument preserves a unique [ 700 km 2 region of desert soil crusts, as well as the world's largest gypsum dunes field and Lake Lucero, a large temporary playa, which was dry at the time of our visit (Fig. 2) . The conference ended on Friday evening with a closing dinner featuring authentic Texas-Mexican cuisine and a local mariachi band. On the Saturday after the conference, some of the symposium participants visited Carlsbad Caverns National Park (New Mexico) . Visitors who descended to the base of the caverns (* 225 m) had two options: a direct elevator or a walk along a paved path of * 2 km. This stunning sample of subterranean, karst topography yielded countless opportunities to photograph stalactites and stalagmites (Fig. 3) .
On Monday and Wednesday evenings, several workshops were held including: ''Delimiting species within the Brachionus plicatilis complex,'' ''Writing for clarity, economy, and precision,'' and ''How to make an offer to host an International Rotifer Symposium.'' Poster sessions were held on Tuesday (Ecology and Genomic Approaches) and Thursday (Applied Research and Evolution).
The winner of the award for best student presentation was Jose A. Rivas, Jr. for his talk entitled ''Dust storms and the transport of rotifers in the Chihuahuan Desert.'' Other winners included Pierluigi Colangeli and Sofia Paraskevopoulou. Student poster winners were Ivana Jezcova, Robert Nestor Kagali, and Elizabeth Preza. The winning image of the photo contest was a confocal image of the nervous system of a larval Cupelopagis vorax (Leidy, 1857) by Elizabeth Preza. Other winners of the image contest were Miloslav Devetter, Shuyu Gu, and Adán Jiménez Nigó (see volume cover; Platyias quadricornis).
As has been the practice for many of the previous meetings, this one was organized around a unifying theme. Because El Paso is located at an important nexus of Mexican and USA culture, the organizers chose a theme emphasizing this connection: ''Crossing disciplinary borders in rotifer research.'' Within this general construct, several conference session themes were announced, each of which was anchored by one or two invited reviews and several contributions either in oral or poster sessions. Many notable results of the symposium are presented in this special issue of Hydrobiologia. As is the current tradition for the IRS, four guest editors -Steven Declerk (Netherlands), Diego Fontaneto (Italy), Rick Hochberg (USA), and Terry Snell (USA) -managed the peer review process for this special volume. The results of this congress were organized into five parts.
Part I, ''Experimental Ecology'' was opened by S. Nandini who presented an extensive review of the invertebrate predators on rotifers. Contributions published in this special volume focused on several aspects of rotifer behavior and on the development of an index to assess habitat trophic conditions. Allelochemicals are an important, if unseen, connection between species in aquatic systems. To explore one potential component of this connection, Gilbert (2019) studied the response of two strains of Brachionus rubens Ehrenberg, 1838 to a kairomone produced by the predatory rotifer Asplanchna brightwellii Gosse, 1850. In the presence of A. brightwellii or in Asplanchna-conditioned medium, B. rubens became a facultative epibiont attaching to the carapaces of Daphnia magna Straus, 1820. When Daphnia were absent, B. rubens aggregated on the bottom of culture vessels. This behavioral switch allowed B. rubens to avoid predation by A. brightwellii. Gilbert also demonstrated that induction of mixis in B. rubens was density-independent, thus at the high densities associated with being an epibiont the mictic cycle was not initiated. Another allelochemical connection was examined by Gama-Flores et al. (2019) . They studied the effect of secondary metabolites released by three cladoceran species on three rotifer species (Brachionus havanaensis Rousselet, 1911, B. calyciflorus, and Plationus patulus Müller, 1786) and concluded that metabolites released by the cladocerans had weak allelopathic effects on the rotifers. Xi et al. (2019) conducted an interesting series of experiments to determine how Brachionus angularis Gosse, 1951 populations may adapt to an invading species, Brachionus calyciflorus Pallas, 1766 in the case of their study. They initiated a selection phase using treatments with and without invaders for 69 asexual generations. At the end of the experiment, B. angularis in the presence of the invader had higher growth rates than those without. Results of a common gardens experiment reinforced the conclusion that B. angularis is capable of rapid adaptation to the presence of B. calyciflorus. Using video analysis, Colangeli et al. (2019) examined the short-term, phototactic response of three rotifers, B. calyciflorus; Keratella cochlearis Gosse, 1851; Keratella quadrata (Müller, 1786), to UV radiation. Brachionus calyciflorus showed a strong negative response, while the two Keratella species exhibited weaker responses. Sarma & Nandini (2019) proposed that the diverse and dense rotifer community present in hypereutrophic Lake Xochimilco (Mexico) is supported by seston. To test this hypothesis, they cultured six rotifers on three different size fractions of seston and found that these species appear to be able to coexist by partitioning the sestonic food supply. Using dynamic modeling, Young et al. (2019) examined how substratum selection by the larvae of sessile rotifers affects their fitness. Their models revealed that swimming speed, substratum preference, and coloniality were critical components to fitness. They also explored the conditions whereby planktonic, gnesiotrochan rotifers could survive. Stamou et al. (2019) tested the utility of commonly used indices of habitat trophic condition to see whether they applied to ponds in the Mediterranean climatic zone. Because the indices tested failed to correctly classify trophic status, the authors developed an improved index especially for eutrophic waterbodies.
Part II, ''Genomic Approaches'' featured two oral reviews by J.-S. Lee ''Genomes of four Brachionus sp.: Applications in molecular and environmental genomics'' and C.-P. Stelzer ''Genome size evolution in rotifers.'' Advances using genomic approaches are highlighted in two manuscripts published in this volume. Brown & Walsh (2019) used flow cytometry to investigate whether the genome size is correlated with lifestyle. They determined genome size for 13 gnesiotrochans rotifers that were sessile, colonial, or free-living. Genome size was greater in colonial taxa as compared to solitary species and sessile species had smaller genomes than free-swimming taxa. These findings will be beneficial for evolutionary and ecological studies, as well as informative as additional whole genomes of rotifers are sequenced. CRISPER/ Cas9 technology has provided a means to edit specific genes within organisms. One of the first published applications in rotifers is that by Kim et al. (2019) . They successfully used this technology to mutate the cytochrome P450 3045C1 gene in Brachionus koreanus Hwang, Dahms, Park & Lee, 2013. This technology has broad application to functional genomic studies in Rotifera.
Part III, ''Long-term studies'' had a single contribution. To glean insights from the responses of rotifers to large-scale and long-term environmental change, May & Wallace (2019) undertook a meta-analysis of [ 40 papers that provided information on rotifer population dynamics over at least 10 years. While it is obvious that long-term research (LTR) is important as it provides insights to environmental drivers that cannot be recognized in short-term studies or by experiments, they observed that several critical research gaps remain unresolved. Chief among these are the following. Few LTR studies have been undertaken on rivers or in soil habitats, and studies including bdelloid rotifers are rare. In addition, most LTR studies have been done in Europe and North America; thus, a significant knowledge gap exists in our understanding of long-term patterns in Africa, Antarctica, and Australia.
Part IV, ''Applied research.'' This session began with an oral review of ''Bioconcentration of toxicants in rotifers'' by R. Rico-Martínez. Applied research published in this special volume focused on ways of providing rotifers as food for target species and increasing rotifer population growth rates. New information on culture techniques were presented in four manuscripts published in this volume. Rearing finfish in culture necessitates that the gape size of their larvae be considered when considering the body size of live rotifers being offered as food. Unfortunately, it is difficult for hatcheries to maintain an array of rotifer species of different body sizes to accommodate these needs. Snell et al. (2019) describe how seven species within the genus Brachionus may be cultured and then their diapausing eggs be used as inocula so that the hatcheries can supply the fish larvae with rotifer prey having suitable body sizes. In their review, Hagiwara & Marcial (2019) discuss utilization of rotifers outside of the Brachionus plicatilis Müller, 1786 species complex in rotifer aquaculture. Species that they considered to have a high potential for use in aquaculture are B. angularis, B. calyciflorus, and Proales similis Beauchamp, 1907. The remaining two contributions focused on members of the B. plicatilis species complex, one of the most widely used species in aquaculture. Kagali et al. (2019) investigated the potential enhancing properties of probiotics on the growth of Brachionus rotundiformis Tschugunoff, 1921. The two commercially available probiotics tested resulted in enhanced growth rates in the presence of an algal food source. We know that a range of pollutants impacts rotifer survival and reproduction. One that has received little attention is the emission of ethanol from ethanol-blended fuels. Udo et al. (2019) used a life-table approach to demonstrate that low levels of ethanol can actually extend the lifespan of individuals of B. plicatilis and potentially increase the number of young produced.
Part V, ''Evolution.'' K. Gribble presented an oral review on the ''Maternal effects on offspring fitness: rotifers as a model system for aging.'' A striking feature of rotifers, and the characteristic from which their names is derived, is the corona. Hochberg et al. (2019) undertook an in-depth analysis of collothecid corona and posited that it is not homologous to the corona of ploimid rotifers. Rather during metamorphosis from the larval stage to the adult, the corona is replaced by the infundibulum, which is derived from the larval foregut. The infundibulum thus represents a unique structure for food capture within this taxon. Another interesting structure present in some rotifers is birefringent bodies (BRB): small concretions with interesting optical properties. In their examination of BRB in gnesiotrochan rotifers, Yang et al. (2019) provided an updated survey of their presence and furnished the first data on their ultrastructure. The authors hypothesized that BRB are a unique form of glycogen, which functions as an energy source. Kordbacheh et al. (2019) provide an analysis of ecological differentiation among putative cryptic species of the littoral rotifer Euchlanis dilatata Ehrenberg, 1830. Previous work had identified substantial genetic variation among populations of the species. By analyzing a suite of traits, the authors were able to demonstrate reproductive isolation and life history variation among four lineages and described them as new species. The costs of sexual reproduction versus asexual reproduction are an on-going debate in evolutionary theory. Dimas-Flores et al. (2019) investigated whether sexually reproducing females compensate for that investment by changes in their survival and/or fecundity rates. Using a life-table approach, they did not find any correlation between the investment in sexual reproduction and the life history traits they measured. This supports the argument that sex is a costly strategy in B. plicatilis. Franch-Gras et al. (2019) reviewed bet-hedging strategies and diapause-related traits in populations of the B. plicatilis complex in Eastern Spain. They found that environmental unpredictability in growing season length acts as an effective selective pressure shaping diapause-related traits in these populations. The authors note the need for experimental evolution experiments along with more hypothesis-driven field observations.
In addition, three sessions offered updates on issues of special interest to rotiferologists. D. Fontaneto gave two overviews: one on the status of rotifer biodiversity: past, present, and future and another that provided an update on the Rotifera partim of the List of Available Names in Zoology. Two researchers gave invited reviews that examined the border between acanthocephalans and rotifers: O. Amin reviewed ''Variability in the Acanthocephala'' and H. Herlyn presented ''Highly specialized rotifers: the inner and outer morphology of endoparasitic Acanthocephala.'' Undeniably, there is no shortage of fundamental and appealing topics, each of which can lead to testable hypotheses that can be explored using stateof-the-art techniques using rotifers as model organisms. Below, we offer some examples that follow from talks at the 15th IRS.
We now know more about the relationship between acanthocephalans and rotifers, but we still need to explore the transition from the free-living life style of most Rotifera to obligatory parasitism in Acanthocephala. This is a life history boundary that has been crossed, but we do not know how this evolutionary step was accomplished. In addition, we still need to wed genomics and evolutionary developmental biology to achieve a better understanding of the relationship between these two groups, as well as across the phylum itself. Another cross-disciplinary topic in need of research is to assess how climate change leads to changes in biodiversity and community function. This could be achieved by LTR that focuses on a variety of ecological systems including rivers, soils, wetlands, and deserts, from both permanent and ephemeral systems. We can test hypotheses such as the importance of species change on food web and compensatory population dynamics, community resilience, and alterations in community re-assembly after a climate perturbation. As part of this research, studies need to employ various -omics (i.e., gen-, prote-, metabol-, connect-) to understand shifts in genetic structure, changes in gene expression, and other cellular responses. The application of CRISPR-Cas 9 technology will be very beneficial in understanding how specific mutations affect phenotype. Applied aspects of rotifer studies also have seen major advances. Our understanding of cryptic species in rotifers began when aquaculturists were puzzled by the number of morphologically similar strains of B. plicatilis. Now, emerging research indicates that the number of cryptic species may increase our understanding of rotifer biodiversity by at least tenfold and has added our knowledge of biogeographic patterns and ecological adaptations.
The future of rotifer research is not without some serious hindrances. The loss of competent taxonomists due death or the necessity that required them to switch careers is foremost among them. This is compounded by the fact that there is little opportunity for beginning students to become trained in taxonomy. To overcome this obstacle we need to develop solid educational platforms that can provide inexpensive, reliable instruction. More widespread recognition of the importance of rotifers and their use as model organisms is needed to attract a new generation of researchers, as well as funding for their research initiatives. We look forward to future gatherings of rotiferologists to discuss and find ways of meeting these challenges.
In memoriam
We dedicate this volume of rotifer research to the memory of María Rosa Miracle (Fig. 4) host of the 6th International Rotifer Symposium that was held in Banyoles Spain in 1991. María Rosa's scientific interests were wide-ranging and covered both applied and theoretical topics. Indeed, it is difficult to summarize her interests, but they included varied subjects as cyanobacteria, algae, macrophytes, several taxa of zooplankton (including rotifers, of course), shallow and meromictic lakes, coastal ponds, hypertrophic ponds, wetlands, paleolimnology, Pyrenean lakes, effects of climate change on zooplankton communities, lake management, and ecotoxicology. María Rosa's research on rotifers provided tests of ecological theories such as niche partitioning and effects of fishes and nutrient enrichments on zooplankton. María Rosa and her colleagues also studied rotifer phenotypic plasticity and aging, as well as effects of seasonality, oxygen concentration, salinity, temperature, and host-parasite relationships. Recently, many of her colleagues from around the world paid homage to her scientific intellect and curiosity by contributing scholarly papers to a volume of Limnetica that was dedicated in her honor (Camacho et al., 2019, and papers therein) .
